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ABSTRACT 


The  objective  of  this  investigation  was  to  evaluate  the 
study  of  structural  response  to  dynamic  loads  through  the  use  of 
structural  models  and  to  evaluate  the  related  modeling  techniques. 

The  responding  domes  of  Operation  Plumbbob  were  modeled 
at  one  twenty-fifth  scale  using  mild  steel  wire  and  microconcrete. 
These  models  were  field  tested  under  blast  wave  loading  conditions 
at  overpressures  ranging  from  80  psi  to  20  psi. 

Good  agreement  was  obtained  between  model  and  prototype 
structure  in  both  failure  mechanism  and  appearance,  as  well  as  in 
the  location  of  the  failure-survival  pressures. 

It  is  concluded  that  with  proper  compliance  with  the 
similitude  laws  and  adequately  accurate  fabrication  techniques  the 
modeling  of  the  response  of  structures  to  dynamic  loads  can  be  quite 
successful . 
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CHAPTER  1 


INTRODUCTION 


1.1  OBJECTIVES 

The  objective  of  this  Investigation  is  to  provide  a  basis 
for  evaluation  of  the  modeling  techniques  involved  in  dynamic  structural 
studies.  This  is  desirable  for  the  following  reasons. 

At  present  the  United  States  of  America  is  involved  in  an 
extensive  program  of  design  and  construction  of  hardened  facilities. 

These  structures  vary  from  the  simpler  more  easily  analysed  types  to 
very  complex  forms  requiring  many  assumptions  for  analytical  treatment. 
Pressure  levels  of  interest  vary  from  a  few  pounds  per  square  inch  to 
many  hundreds.  Structural  types  also  range  from  above-ground  to 
completely  buried.  Thus  experimental  work  is  necessary  so  that  these 
varied  types  of  structures  can  be  designed  to  most  economically  possess 
the  required  strength. 

In  the  past,  most  field  investigations  have  been  carried  out 
at  full  scale  under  nuclear  blast  conditions.  This  has  several  dis¬ 
advantages.  The  prototype  structures  are  very  costly  due  to  their  site 
location  and  related  labor  and  material  conditions.  Also  the  uncertainty 
of  nuclear  testing  as  influenced  by  political  and  economic  factors  is 
a  consideration.  These  factors  contribute  to  the  desirability  of  using 
models  in  dynamic  structural  studies. 

A  dynamic  model  technique  if  properly  executed  offers  the 
potential  of  (a)  developing  further  basic  information  such  as  loading 
functions,  and  behaviorial  and  failure  models  of  structural  systems, 
and  (b)  the  evaluation  of  specific  designs.  The  possibility  of  modeling 
complex  structures  permits  the  use  of  loading  systems  other  than  a 
nuclear  device. 

The  direct  objective  of  project  US-16  in  the  1961  Canadian 
100-ton  TNT  trial  is  to  evaluate  the  reliability  of  the  modeling 
technique  by  checking  a  model  experiment  against  a  previously  performed 
full  scale  nuclear  experiment. 
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1.2  BACKGROUND 


Experimental  Investigations  have  been  used  since  the 
ancient  beginnings  of  construction.  Although  at  first  these  were 
in  effect  the  construction  of  the  prototype  itself,  man  soon  found 
it  advantageous  to  perform  studies  at  a  "small"  scale  and,  after 
acquiring  an  understanding  of  the  physical  behavior  involved,  to 
later  create  the  prototype  based  upon  the  new  and  more  thorough 
knowledge . 

Engineering  fields  have  grown  through  the  use  of  experimental 
studies  to  either  validate  or  refute  physical  behavior  hypotheses.  Early 
work  in  the  field  of  structures  assumed  linearly  elastic  behavior  of 
materials.  Because  of  the  linear  nature  of  these  problems  much  flexi¬ 
bility  was  permitted  in  the  selection  of  the  modeling  parameters.  In 
general,  any  linearly  elastic  material  can  be  selected  if  other  factors 
such  as  the  magnitude  of  the  test  loads  do  not  rule  out  its  use. 

Recently,  the  need  for  economy  and  better  understanding  of 
structural  behavior  have  lead  to  the  use  of  theories  based  on  tha 
ultimate  and  non-linear  behavior  of  structures.  Model  work  in  late 
years  has  reflected  these  concepts.  The  problems  of  dynamic  loads  and 
the  related  dynamic  response  of  structures,  mentioned  earlier,  have 
added  to  the  need  for  understanding  the  ultimate  and  non-linear  behavior 
of  structures. 

In  the  past  few  years  attention  has  been  directed  to  this 
problem  by  the  Defense  Atomic  Support  Agency,  and  the  Department  of 
Civil  Engineering  of  the  Massachusetts  Institute  of  Technology,  under 
contract  to  DASA,  has  been  studying  the  further  development  of  the 
structural  modeling  technique.  This  project  is  an  outgrowth  of  this 
development. 
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CHAPTER  2 


SIMILITUDE 


2.1  GENERAL 

Similitude  Is  the  theory  governing  the  relationships  between 

the  physical  behavior  of  the  model  and  that  of  the  prototype.  Through 

compliance  with  these  relationships,  the  parameters  chosen  for  the 

model,  such  as  material  properties  and  geometric  scaling,  fix  the 

correspondence  between  model  and  prototype  behavior. 

As  a  result  of  the  interaction  of  many  forces,  the  correspondence 

between  like  phenomena  at  analogous  points  of  the  model  and  the  prototype 

is  most  often  selected  as  some  constant.  A  more  general  view  of  similitude 
(1)  + 

theory,  however,  allows  this  correspondence  to  be  a  functional  relation- 

(*) 

ship.  For  example,  we  allow  the  relations  of  the  form  to  hold  for  physical 
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initial  conditions  and  external  influences  (i.e.,  specified  displacements 
and  applied  loads,  and  initial  stress  state).  Here  Oj 'm  is  the  stress  in 
the  model  at  point  (x,y,z)-  at  time  t  and  <r *p  represents  the  stress  state 
in  the  prototype  at  the  corresponding  point.  1^,  is  the  mass  of  the  model 
at  point  (x,  y,  z)  and  Im  represents  the  moment  of  inertia  of  the  model 
at  the  same  point. 

If  all  of  these  correspondence  functions,  ,  fm,  fj>  etc., 

were  independent,  then  one  could  not  readily  transform  model  behavior 
into  prototype  behavior.  Through  the  use  of  dimensional  analysis,  the 
interdependence  of  these  functions  can  be  determined  as  well  as  their 
relations  to  the  basic  fundamental  quantities  of  length,  time,  mass,  and 
if  desired,  temperature.  Relationships  will  be  obtained  such  as 


t„  = 


\ 


+  Superscript  numbers  in  parenthesis  refer  to  references 
on  page  61. 
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where 


tm  s  time  relative  to  the  model 
tp  =  time  relative  to  the  prototype 
fu  s  correspondence  function  relating  lengths 
f#  a  correspondence  function  relating  accelerations 
or,  in  other  words 


ft  U.y.z.t) 


Vfu  (x.y.z.t) 
fa  (x,y,z,t) 


This  functional  form  of  the  similitude  relationships  opens  broad 
possibilities  in  the  modeling  field.  Although  present  techniques  are 
not  able  to  take  full  advantage  of  these  possibilities,  many  new  areas 
of  engineering  knowledge  may  be  opened  through  their  future  development. 

In  almost  all  present  day  model  work  the  correspondence  functions 
are  constants.  These  result  from  the  selection  of  the  model  material 
and  its  inherent  engineering  properties  as  well  as  from  other  opera¬ 
tional  decisions.  From  a  consideration  of  the  pertinent  physical 
dimensions  related  to  the  problem  of  the  response  of  a  structural  model 
to  air  blast  loading,  the  following  similitude  relationships  result. 


*  -  r  -  z’ 

»  =  e  =  J/z’ 

ffp 


Where,  according  to  the  previous  notation, 


and 


fu  <x,y,z,t) 


=  A 


length  in  model _ 

length  in  prototype 


ft  (x,y,z,t) 


=  'F  =  ratio  of  times 

'^(x,y,z,t)  =  £  =  ratio  of  stresses 


/ 

>u  =  ratio  of  densities  f 

\  "v 


Qj  =  ratio  of  moduli  of  elasticity  ^  !T"^, 


fm  <6  m)  =  ©-'m,  the  function  relating  stress 

and  strain,  a  property  of  the 
material  used. 
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Since  the  same  materials  were  used  for  the  model  as  were  used 
in  the  prototype,  i.e.,  steel  and  "concrete",  the  gravity  stresses  were 
not  scaled.  This  was  not  significant  since  gravity  stress  intensities 
were  of  small  magnitude  compared  to  over-all  strength. 

As  explained  later,  the  time  scale  was  not  equal  to  the  length 
scale  for  the  field  test  of  the  models.  This  resulted  from  practical 
limitations  and  the  significance  was  investigated. 
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CHAPTER  3 


PROCEDURE 

3.1  PROTOTYPE 

3.1.1  Prototype  Selection.  Ab  a  result  of  an  earlier  investigation 
carried  out  at  M.I.T.^^  several  prototypes  were  selected  for  possible 
use  as  the  basis  for  model  studies.  Several  factors  influenced  the 
selection  of  the  domes  of  Operation  Plumbbob  as  the  prototypes  to  be 
modeled.  Some  of  these  factors  included  ease  of  fabrication,  limitations 
of  laboratory  fabrication,  and  subsequent  shipment  to  the  test  site,  eaBe 
of  observing  and  evaluating  the  response  of  the  model,  and  size  of  model 
test  charge  as  compared  with  the  various  prototype  weapon  yields. 

3.1.2  Prototype  Dimensions.  The  prototype  structures  were  spherical 
domes  of  50  feet  span  diameter  with  a  mid-surface  curvature  radius  of 
35.75  feet.  This  gives  a  height  at  the  crown  of  10.7  feet.  The  domes 
were  6  inches  thick  with  two-directional  reinforcing  steel  meshes  placed 
near  the  top  and  bottom  surfaces.  The  reinforcing  consisted  of  1/2  inch 
diameter  reinforcing  rods  placed  in  great  circular  arcs  with  the  maximum 
spacing  distance  equal  to  6  inches.  See  Figure  3.1.  The  dome  foundation 
consisted  of  a  ring  beam.  The  dome  was  joined  to  this  so  as  to  give  a 
partially  fixed  support  moment  condition. 

Prototype  structures  were  tested  at  20  psi,  35  psi,  and  70  psi 
overpressure  levels.  As  shown  in  Figures  3.2,  3.3,  and  3.4,  the  prototypes 
failed  at  35  and  70  psi  while  the  one  at  20  psi  survived. 

3.1.3  Material  Properties.  The  dome  was  fabricated  of  normal  rein¬ 
forced  concrete  with  deformed  reinforcing  rods  of  mild  steel. 

Tests  by  others^)  pn  number  four  deformed  bars  showed  variations 
in  yield  stress  ranging  from  39,000  psi  to  52,000  psi,  snd  ultimate  stress 
variations  from  67,000  psi  to  85,000  psi.  The  prototype  reinforcing 
would  probably  fall  within  these  ranges  also. 

The  concrete  strength  for  the  three  domes  are  given  in  Fig.  3.5. 
Average  values  are  given  for  seven-day  strength  and  twenty-eight  day 
strength.  In  addition,  maximum  and  minimum  values  are  given  for  the 
twenty-eight-day  tests  and  for  the  cores  tested  eight  days  after  the 
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domes  were  field  tested.  Curves  have  been  drawn  to  represent  the  most 
probable  strength  versus  age  relationship  for  the  concrete  of  each  dome. 
On  these,  the  probable  strengths  at  the  time  of  field  testing  are  marked. 

3.2  MODEL  DOMES 

3.2.1  Geometric  Scaling.  Since  the  model  domes  were  small  and 
demanded  precise  construction  techniques,  they  were  fabricated  at  M.I.T. 
and  shipped  to  the  test  site.  Each  model  dome  was  crated  in  a  box  that 
also  served  as  a  foundation  during  the  test.  To  simplify  the  shipping 
and  placement  problems  a  model  scale  ofX  =  1/25  was  chosen.  This  gave 
model  dimensions  as  follows. 

base  radius  24  inches 

mid  surface  spherical 

radius  17.16  inches 

height  at  crown  5.14  inches 

shell  thickness  0.24  inches 

The  scaling  ef  tie  reinforcing  resulted  in  0.02  inch  diameter 
wires  at  a  maximum  spacing  of  0.24  inches. 

3.2.2  Fabrication.  Both  the  fabrication  of  the  wire  reinforcing 
meshes  and  the  casting  of  the  shells  were  done  on  wooden  forms.  These 
formsj which  corresponded  to  the  inside  surface  shape  of  the  domes,  were 
turned  on  a  lathe.  The  forms  used  for  the  casting  operation  were  fitted 
with  a  bushing  at  the  crown  point  to  permit  the  use  of  a  scribe  which 
was  rotated  around  the  dome. 

The  reinforcing  wire,  which  came  in  a  coiled  bundle,  was 
straightened  before  use  in  the  fabrication  of  meshes  by  slightly  yielding 
pieces  of  the  desired  length.  Since  a  coating  was  placed  on  the  wire 
by  the  manufacturer  to  prevent  rusting, a  bath  in  hydrochloric  acid 
solution  was  necessary  to  remove  the  coating  and  prepare  the  wire  for 
soldering. 

The  reinforcing  wires  were  strung  across  the  form  in  great 
circular  arcs,  radiating  from  pairs  of  four  equally  spaced  poles  located 
on  the  "equator"  of  the  basic  spherical  surface.  This  mesh  was  then 
soldered  at  the  crossing  points  in  a  regular  pattern  over  the  surface 
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and  at  all  base  edge  points.  The  mesh  thus  formed  held  the  correct 
shape. during  the  casting  operation.  This  is  shown  in  Figures  3.6  and 
3.7.  A  number  of  short  wires  were  soldered  to  the  meshes  to  serve  as 
reinforcing  chairs.  Thus  one  mesh  was  positioned  near  the  top  surface 
and  one  near  the  bottom  surface  of  the  shell.  Before  casting,  all 
reinforcing  meshes  were  allowed  to  rust  a  moderate  amount  so  as  to 
increase  their  bond  characteristics. 

The  model  concrete  consisted  of  a  mortar  mix  of  one  part  high 
early  strength  Portland  cement  to  four  parts  fine  sieved  sand  and  0.7 
parts  water,  i.e.,  (0.7: 1 .0: 4.0) .  All  comparisons  or  measurements  of 
water,  cement,  and  sand  are  based  on  weight. 

The  high  sand  to  cement  ratio  was  used  in  an  attempt  to  maintain 
a  Young's  Modulus  comparable  to  that  of  regular  concrete.  Because  of  the 
behavior  of  sand-cement  mixes  at  these  proportions,  it  was  necessary  to 
use  an  admix  to  obtain  good  workability.  The  additive  used  was  Pozzolith 
Type  A,  made  by  the  Master  Builders  Co.  The  quantity  used  was  approxi¬ 
mately  1.15  grams  of  admix  per  pound  of  cement. 

The  sand  used  in  the  mix  was  obtained  from  a  standard  concrete 
sand  as  defined  in  the  ASTM  standards.  This  sand  consisted  of  particles 
ranging  from  .19  inch  to  less  than  .002  inches  as  shown  in  Figure  3.8. 

By  passing  the  standard  concrete  sand  through  a  No.  20  U.  S.  standard  sieve 
and  discarding  the  particles  retained  on  the  sieve  a  distribution  as  shown 
by  the  second  curve  of  Figure  3.8  was  obtained.  Thus  all  particles  of 
sand  used  in  the  microconcrete  were  not  greater  than  .034  inches. 

3.2.3  Casting.  The  forms  were  prepared  for  the  casting  of  the 
domes  by  first  applying  a  thin  coating  of  paraffin  wax  and  then  an  applica¬ 
tion  of  oil.  Using  this  method  the  models  separated  from  the  spherical 
mold  surface  with  relative  ease. 

In  casting,  as  shown  in  Figure  3.9,  the  lower  reinforcing  mesh 
was  held  in  place  around  the  periphery  and  spaced  above  the  form  surface 
with  wire  chairs.  The  microconcrete  was  troweled  under  and  over  this 
mesh,  being  built  up  to  the  thickness  where  the  top  mesh  was  to  be 
placed.  The  top  mesh  was  then  placed  and  peripheral  masonite  ring  was 
clamped  to  the  form  base  to  secure  the  mesh  in  position.  Wire  chairs 
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gave  the  correct  position  over  the  dome.  Again  mortar  was  troweled 
over  this  and  an  excess  thickness  built  up.  This  was  then  scribed  off 
to  the  desired  one-quarter  inch  thickness  by  a  pre-set  scribe  which 
rotated  from  a  bushing  at  the  crown  of  the  form.  This  set  up  is  shown 
in  Figure  3.10.  The  mortar  was  then  allowed  to  set  in  a  moist  atmosphere 
for  a  day  before  being  removed  from  the  form. 

The  models  were  cured  in  a  humid  room  for  seven  days.  This 
room  was  maintained  at  a  relative  humidity  of  95%  at  75°  F. 

After  curing,  the  dome  was  mounted  on  the  plywood  base  by  the 
casting  of  a  base  ring.  This  ring  was  firmly  attached  to  the  plywood 
base  so  as  to  secure  the  model  against  overturning  due  to  the  drag  and 
rear  side  negative  pressure  created  during  the  test.  The  base  ring 
consisted  of  a  25-inch  diameter  hoop  made  of  1/4-inch  diameter  steel  rod, 
which  was  cast  inside  a  mortar  of  high,  strength.  The  dome  reinforcing 
wires  were  anchored  at  their  periphery  by  soldering  to  the  steel  hoop 
before  casting  the  base.  A  cross-section  of  this  base  ring  is  shown  in 
Figure  3.11. 

3.2.4  Properties  of  the  Model  Materials.  Tests  on  the  reinforcing 
wire  gave  a  yield  stress  of  65,600  psi  and  an  ultimate  stress  of  82,800 
psi  for  a  strain  rate  of  0.00104  in. /in. /sec.  At  slightly  faster  strain 
rates  (£  =  .00278  in. /in. /sec.)  the  yield  stress  increased  to  67,000 
psi,  and  when  slightly  pre-yielded  wires  were  tested  yield  stresses  of 
67,500  to  68,200  psi  were  obtained.  A  representative  example  of  the 
stress-strain  curves  is  shown  in  Figure  3.12. 

These  engineering  properties  seem  reasonable  for  the  model 
reinforcement  when  compared  with  the  prototype  steel  properties.  Although 
the  yield  stress  is  slightly  high,  the  mechanism  of  failure  in  the 
dynamically  loaded  dome  is  predominantly  a  failure  in  the  concrete  and 
therefore  this  factor  should  not  be  critical. 

The  model  concrete  was  tested  as  two- inch  cubes.  Table  I  gives 
the  strengths  for  each  of  the  three  cubes  tested  for  each  model  dome. 
Although  a  maximum  strength  of  4,800  psi  and  a  minimum  of  3,300  psi 
occurred,  most  models  were  within  10%  of  4,000  psi  mortar  strength. 

Figure  3.13  shows  various  test  data  for  this  mortar  mix.  Each  point 
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TABLE  I 


MICROCONCRETE  STRENGTH 


Specimen 

» 

f 

c 

» 

f  average 

Age  in  Days 

D1 

4,200 

4,308 

43 

4,375 

4,350 

D2 

3,  700 

3,808 

42 

3,875 

3,850 

D3 

4,350 

4,321 

41 

4,200 

4,412 

D4 

4,350 

4,233 

40 

4,150 

4,200 

D5 

4,188 

4,096 

39 

4,325 

3,775 

D6 

4,000 

4,000 

38 

4,125 

3,875 

D7 

4,350 

3,858 

36 

3,625 

3,600 

D8 

3,688 

3,625 

35 

3,562 

3,625 

D9 

4,450 

4,800 

34 

4,950 

5,000 

(continued  on  next  page) 
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TABLE  I  (Continued) 


MICROCONCRETE  STRENGTH 


'f 

1 


Specimen 

*; 

1 

f 

c 

average 

— 

Age  in  Days 

DIO 

4,212 

4,000 

4,075 

4,096 

34 

Dll 

3,350 

3,333 

33 

3,450 

3,200 

D12 

4,325 

4,283 

32 

4,325 

4,200 

11 


is  an  average  of  three  cube  strengths,  where  each  set  is  from  a  separate 
batch.  Several  cubes  were  instrumented  with  SR4-A-3  strain  gauges  to 
obtain  the  elastic  modulus  of  this  microconcrete.  Two  gauges  were 
mounted  on  each  cube  such  that  the  average  axial  compressive  strain 
was  measured.  Results  are  shown  in  Figures  3.14,  3.15,  and  3.16.  In 

I 

general  the  results  agreed  well  with  the  often  used  relationship  E  =  1000  fc. 
3.3  MODEL  TESTING  PROCEDURE 

Since  all  of  the  models  were  to  be  tested  in  a  surface  mounted 
condition  it  was  decided  to  mount  the  dome  and  its  base  on  the  inverted 
plywood  cover.  This  was  placed  in  a  shallow  hole  such  that  the  top  of 
the  base  was  flush  with  the  ground  surface.  Prior  to  anchoring  the  base, 
the  inverted  plywood  box  cover  was  tamped  full  of  soil  to  assist  in 
preventing  overturning.  The  plywood  bases  were  bolted  to  the  inverted 
covers  as  shown  in  Figure  3.17. 

Model  locations  were  as  follows: 


Expected 

Dome 

Distance 

Overpressure  Probably 

Overpressure 

Number 

from  GZ 

Experienced  (4) 

20  psi 

8 

400  ft. 

21.4  psi 

9 

30  psi 

12 

330 

32.5 

7 

35  psi 

11 

310 

37.5 

6 

40  psi 

10 

290 

43.5 

5 

60  psi 

3 

250 

61 

70 

4 

230 

74 

2 

80 

1 

220 

82 

This  was 

obtained  from 

Figures  3.18  and 

3.19.(4) 
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3.4  CHARGE  SCALING 

As  can  be  verified  by  checking  the  weapon  of  Operation  Plumbbob, 
the  geometric  scaling  factor  of  1/25,  when  applied  to  the  prototype 
weapon  according  to  the  cube  root  law,  does  not  give  a  model  charge  of 
100  tons  of  TNT,  as  was  used  in  this  test.  If  the  geometric  scale  was 
based  upon  the  respective  prototype  and  model  test  charges  a  X  of  about 
1/6  would  be  required.  This  would  have  necessitated  field  construction 
of  the  models  and  probably  fewer  of  them  due  to  costs. 

Having  accepted  the  value  of  X  =  1/25,  the  positive  duration 
time  created  by  the  model  charge  was  too  long  for  any  corresponding 
model-prototype  overpressure  level.  An  initial  investigation  indicated 
that  the  deviation  from  true  scaling  was  not  significant.  Therefore, 
the  model  study  was  continued  with  a  revaluation  and  more  thorough 
inquiry  to  follow. 

3.5  INSTRUMENTATION 

Due  to  a  number  of  factors  such  as  cost,  recording  channels 
available,  and  the  number  of  models  being  tested,  it  was  decided  not  to 
instrument  the  models.  Although  various  measurements  were  taken  on  the 
prototype  domes,  only  deflections  could  have  been  measured  on  the  models 
and  compared  with  the  prototypes. 

This  study  was  limited  to  an  observation  of  failure  pressure 
levels  and  failure  mechanism,  and  a  comparison  with  the  prototypes. 

The  overpressure-distance  data  was  acquired  by  the  Ballistic 
Research  Laboratories  as  part  of  other  projects.  This  information  was  used 
to  determine  the  actual  test  conditions  for  this  project. 
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Figure  3.6  Mesh  Fabrication 


Figure  3.7  Reinforcing  Mesh 
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Figure  3.9  -  Lover  Mesh  on  Casting  Fovm 


Figure  3.10  Thickness  Scriber 
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Figure  3.17  View  of  Model  Installations  Looking 
Away  from  Ground  Zero 
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OVERPRESSURE  (PSD 


DISTANCE  (FT.) 

Figure  3.18  Predicted  and  Measured  Overpressure  versus  Distance 
for  a  100-Ton  TNT  Surface  Burst 
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POSITIVE  DURATION  (MSEC) 


Figure  3.19  Predicted  and  Measured  Positive  Duration  versus 
Distance  for  a  100-Ton  TNT  Surface  Burst 
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CHAPTER  4 


DYNAMIC  TEST  RESULTS 

The  layout  of  -the  model  domes  Is  shown  in  Figure  3.17.  Model 
locations  were  staggered  so  that  those  closer  to  the  charge  would  not 
interfere  with  the  shock  wave  striking  models  farther  out. 

The  before  and  after  test  appearances  of  the  model  domes  are 
shown  in  Figures  4.1  through  4.17.  Extensive  damage  occurred  at  the 
80,  70  and  60  psi  pressure  locations.  At  the  latter  locations  the 
models  were  stripped  clean  from  the  foundations  leaving  only  portions 
of  the  reinforcing  mesh.  This  behavior  is  due  to  the  significant 
action  of  drag  forces  on  the  dome  model  immediately  following  the 
inception  of  failure. 

Partial  collapse  occurred  in  the  models  at  the  40  and  35  psi 
locations.  Some  missile  damage  was  inflicted  on  the  models  at  the  35 
and  30  psi  locations.  These  missiles  were  large  chunks  of  soil  which 
were  thrown  out  from  the  charge  crater.  This  type  of  action  usually 
accompanies  a  high  explosive  detonation  in  the  type  of  soil  found  at 
the  Suffield  test  site. 

Good  comparisons  of  the  failure  mode  can  be  made  from  the 
models  of  Figures  4.2,  4.8  and  4,10,  and  the  two  prototypes  of 
Figures  3.3  and  3.4. 

The  difference  between  the  predicted  overpressure  -  distance 

relationship  and  those  actually  measured  in  the  field  are  shown  in 

Figure  3.18.  The  related  positive  duration  curve  is  shown  in 
(4) 

Figure  3.19.  The  measured  values  show  good  agreement  with  the 

predicted  values.  A  uniformly,  i.e.,  spherical,  expanding  blast  wave 
was  indicated.  The  predicted  values  are  therefore  used  in  identifying 
the  test  conditions. 
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Figure  4.1  80  psi  Dome  PreShot 


Figure  4.2  80  psi  Dome  PostShot. 
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Figure  4.3  70  psi  Domes  PreShot 


Figure  4.4  70  psi  Domes  Post  shot. 
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Fieure  4.5  60  psi  Dome  Preshot 


Figure  4.6  60  psl  Dome  Postshot 
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Figure  4.7  40  psi  Dome  Preshot 


Figure  4.8  40  psi  Dome  Postshot 
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Figure  4.9  40  psi  Dome  Preshot 


Figure  4.10  40  psi  Dome  Postshot 
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Figure  4.12  35  psi  Dome  Postshot  (note  missile  damage) 
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CHAPTER  5 


SIGNIFICANCE  OF  DURATION  TIME  SCALING 

5.1  INTRODUCTION 

The  scaling  used  in  the  construction  of  the  model  required  that 
the  following  similitude  relations  be  satisfied: 

(1)  Length  of  nodel  =  x  length  of  prototype 

25 

(2)  Pressure  on  model  =  pressure  on  prototype 

1 

(3)  Time  on  model  =  —  x  time  on  prototype 

25 

In  the  field  tests  of  the  models  it  was  not  possible  to  satisfy 
the  third  similitude  requirement,  and  it  is  therefore  necessary  to  deter¬ 
mine  if  violation  of  this  relation  substantially  affected  failure  levels 
of  the  models. 

5 . 2  PROCEDURE 

5.2.1  General .  No  comprehensive  analytical  method  is  available  that 

includes  all  the  effects  which  are  of  importance  in  the  prediction  of 

collapse  of  a  dome  subjected  to  a  shock  loading.  However  to  estimate  the 

magnitude  of  the  error  introduced  by  not  correctly  scaling  the  duration 

time  of  the  load,  a  simplified  design  approach  can  be  used. 

(5,6,7) 

Methods  have  been  suggested  that  introduce  the  following 

simplifications : 

(1)  An  "average"  type  load-time  relation  is  used. 

(2)  The  dynamic  response  is  approximated  by  a  one  degree  of 
freedom  analysis. 

(3)  The  membrane  theory  is  used  to  determine  the  stresses  in 
the  dome . 

Reference^®’  states  the  conditions  under  which  the  membrane  theory 

may  be  used  as  a  valid  approximation. 

5.2.2  Load :  The  method  used  to  determine  the  load  is  that  suggested 
in  Reference(S) .  in  this  method  a  number  of  points  are  chosen  to  cover 
the  surface  of  the  dome.  The  time  of  arrival  of  the  blast  wave  and  also 
its  angle  of  incidence  are  different  for  each  point.  Therefore  a  different 
pressure  vs.  time  curve  is  obtained  for  each  point.  In  computing  the 
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(  7) 

reflection  and  drag  coefficients  for  domes,  those  given  in  Ref.  were 
used  because  they  are  the  most  recent. 

Having  the  pressure-time  curves  for  individual  points  on  the 
dome,  the  average  pressure  for  the  leeward  and  windward  sides  was  calculated 
by  a  simple  arithmetic  average  of  the  appropriate  points  taken  at  each 
time  interval.  The  leeward  and  windward  pressures  are  then  separated  into 
symmetric  and  anti-symmetric  components.  By  repeating  the  above  calcula¬ 
tions  for  a  succession  of  time  intervals  an  average  symmetric  and  anti¬ 
symmetric  pressure-time  curve  can  be  developed  following  the  method  of 
(5) 

Ref.  Since  .these  lengthy  computations  were  to  be  .repeated  for  a 
number  of  different  models  and  prototypes  at  differing  pressure  levels 
a  short  digit*!  computer  program  was  written  which  performed  the  above 
computations . 

5.2.3  Dynamic  Response.  After  having  obtained  the  variation  of  the 
average  symmetric  and  anti-symmetric  pressures  with  time,  the  dome  is  then 
considered  as  a  one-degree  of  freedom  system  vibrating  at  the  circular 
membrane  frequency.  In  theory,  this  frequency  is  a  function  of  the  elastic 
moduli  of  the  dome  material,  which  would  differ  slightly  for  each  model 
and  for  each  prototype.  An  average  value  of  the  frequency  for  all  models 
was  obtained  by  applying  the  scaling  laws  to  the  experimental  frequency 

of  the  prototype  field  tests^10\  For  the  range  of  the  parameters  of 
interest  the  pressure  response  is  insensitive  to  small  differences  in  the 
frequency.  Since  it  is  only  desired  to  compare  the  effect  of  duration 
time,  it  was  not  considered  necessary  to  conduct  tests  for  the  determination 
of  the  model  frequencies. 

The  acceleration  pulse  extrapolation  method  was  used  to  integrate 

(8) 

the  dynamic  equation  of  the  one-degree  of  freedom  system  .  The  compu¬ 
tations  were  carried  to  the  first  maximum  value  of  the  pressure-time  curve. 

5.2.4  Capacity.  The  final  task  was  to  relate  the  peak  dynamic 

symmetric  and  anti-symmetric  pressure  to  the  capacity  of  the  dome  structure. 

The  capacity  of  a  reinforced  concrete  dome  under  uniform  compressive  radial 

(9) 

load  (membrane  theory)  can  be  computed  from  equation(l)  . 

(1)  rc  .  (  0.85  f ^  +  0.9  p  fDy  )  ££ 
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where  rc 


P 

?Dy 

t 

r 


capacity  of  done  under  uniform  radial  load 

the  dynamic  strength  of  the  concrete  in  axial 
compression 

steel  ratio 

the  dynamic  yield  strength  of.  the  reinforcing  steel 
dome  th  ickness 
radius  of  dome 


For  a  dome  it  can  be  easily  visualized  that  the  anti-symmetric 
component  of  the  pressure  is  a  no re  severe  loading  condition.  That  this 
is  the  case  can  be  explained  qualitatively  by  postulating  that  the  symmetric 
radial  pressure  is  carried  by  the  entire  dome  while  the  anti-symmetric 
pressure  is  carried  by  a  series  of  arches  parallel  to  the  wave  front.  This 
would  indicate  that  the  effect  of  the  anti-symmetric  load  should  be  weighted 
approximately  by  a  factor  of  two.  Ref.*10^  places  the  above  argument  on 
a  quantitative  basis. 

If  we  define  the  required  capacity  (C)  by  the  relation 


(2)  c  =  psym  ♦  14  panti-sym 


where  k  is  the  factor  mentioned  above  and  the  P's  refer  to  respective 
pressure  responses,  then  the  final  computation  would  be  to  compare  C  to 
the  dome  capacity  (rc)  from  equation  (1).  If  C  is  greater  than  the  actual 
capacity,  failure  of  the  dome  is  indicated,  while  if  C  is  less  than  rc 
then  survival  is  predicted. 

To  illustrate  the  effects  of  not  satisfying  the  similitude 
relations  for  the  duration  times,  the  required  capacity  will  be  computed 
at  various  pressure  levels: 

A)  for  the  duration  time  actually  measured  in  the  field  test. 
(Designated  by  CjO 

B)  for  the  duration  necessary  to  satisfy  similitude.  (Designated 
by  Cs) 

Since  the  duration  time  is  a  parameter  of  the  loading,  it  should  be  noted 
that  comparison  of  the  required  capacities  does  not  involve  any  assump¬ 
tions  regarding  material  properties  or  dynamic  strength  increases. 
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S.3  RESULTS 

Figures  5.1  shows  these  curves  for  models  in  the  43  psi  and 
37  psi  overpressure  regions.  These  models  were  chosen  for  illustration 
because  they  bracket  failure,  namely  the  model  at  37  psi  survived  in  the 
field  test,  while  the  model  at  43  psi  failed. 

The  pertinent  strength  data  for  these  models  are  summarized  in 

Table  A. 


TABLE  A 


I  * 

f 

c 

i  *# 

PSO 

Approx.  Strain 
Rate 

in. /in. /sec. 

!££  4 

43  psi 

4096  psi 

.7 

— ■ 

37  psi 

3333  psi 

.6 

1.3  4333  psi 

*  results  of  cube  tests 

**  Norris,  et.  al.,  Chapter  4  (Ref. 8) 


For  both  models: 

t  =  0.25  in. 

r  =  17.16  in. 

fjjy  »  42,000  psi 

p  =  0.011 

Substitution  of  the  above  values  in  equation  (1),  permits  the  computation 
of  the  capacity  for  each  model: 

Pso  rc  "  Result  of  Field 

Capacity  (psi)  Test 

43  pBi  139  Failed 

37  psi  115  Survived 

For  the  model  in  the  37  pal  region,  Figure  5.1,  the  actual  capacity  is 
indicated  by  the  heavy  horizontal  line.  The  dashed  curve  represents  the 
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required  capacity  for  durations  measured  in  the  field,  (Cp),  while  the 
solid  curve  represents  the  same  quantity  for  the  durations  necessary  to 
satisfy  similitude,  (Cs).  The  cross-hatched  portion  of  the  diagram 
indicates  the  region  for  which  the  capacity  exceeds  the  predicted  required 
capacity  and  therefore  the  region  of  survival.  For  a  given  capacity 
(vertical  axis)  the  difference  in  horizontal  intercepts  of  the  dashed  and 
solid  curves  (such  asc-d)  is  a  measure  of  the  difference  in  overpressure 
failure  levels  caused  by  inability  to  satisfy  similitude.  It  can  be  seen 
that  this  is  an  exceedingly  small  difference  (less  than  .3  psi)  and  also 
that  the  longer  duration  experienced  in  the  field  slightly  decreases  the 
overpressure  at  which  failure  occurs.  Alternatively,  this  may  be  thought 
of  as  a  slight  increase  in  the  load  sensed  by  the  model  at  a  given  over¬ 
pressure.  Point  A  indicates  the  conditions  that  prevailed  in  the  field 
for  the  model  and  predicts  correctly  that  the  model  survived. 

The  above  remarks  also  apply  to  point  B  in  Figure  5.1. for  the 
model  at  the  43  psi  overpressure  level.  Here,  however,  point  B,  which 
describes  the  model  strength  and  overpressure  level  in  the  test,  lies 
in  the  failure  region  and  again  correctly  predicts  the  results  of  the 
field  test. 

5.4  EFFECT  OF  DURATION  TIME 

Based  on  the  preceding  results,  failure  to  satisfy  the  similitude 
requirement  with  respect  to  duration  causes  a  slight  decrease  in  the 
overpressure  at  which  a  given  model  would  fail.  The  actual  value  of  the 
decrease,  in  this  case  about  .3  psi,  is  not  meaningful  since  it  is  based 
on  a  one-degree  of  freedom,  membrane  analysis.  However,  this  analysis 
does  reflect  the  gross  features  of  the  behavior  of  a  dome  to  shock  loading, 
and  it  can  be  reasonably  assumed  that  a  more  complete  analysis,  were  it 
available,  would  also  show  that  the  error  is  insignificant. 

As  a  further  understanding  of  the  conditions  for  which  the 
similitude  requirements  of  duration  can  be  safely  violated,  consider 
Figure  5.2  which  is  the  predicted  pressure-time  variation  for  a  point 
on  the  dome.  The  time  ordinate,  which  is  drawn  to  scale,  shows  that  the 
actual  duration  is  approximately  four  times  that  necessary  for  similitude. 

For  a  one-degree  of  freedom  elastic  system,  it  can  be  demonstrated 

(8) 

Ref.  that  if  the  duration  of  the  load  is  large,  the  time  for  peak 
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response  Is  less  than  the  natural  period.  The  natural  period  of  the 
models  is  indicated  on  the  figure,  and  it  can  be  seen  that  for  times  less 
than  the  natural  period,  there  is  only  a  minor  difference  in  the  pressure 
ordinates.  By  virtue  of  the  similitude  relations,  the  natural  period  of 
the  model  will  be  a  relatively  small  quantity  and  the  error  introduced 
by  violation  of  duration  similitude  can  be  ignored  in  general. 
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CHAPTER  6 


STATIC  TESTS  ON  MODEL  DOME  STRUCTURES 

6.1  INTRODUCTION 

The  purpose  of  these  tests  were  to  determine  the  static  strength 
of  the  model  concrete  domes  used  in  the  Canadian  High  Explosive  test  of 
August  1961. 

6.2  LOADING  PATTERN 

A  uniformly  distributed  radial  load  on  the  models  was  approximated 
by  48  discrete  loads.  The  surface  of  the  dome  model  was  divided  into  16 
equal  areas  and  each  of  these  was  then  subdivided  into  three  equal  areas 
as  shown  in  Figure  6.1.  It  was  decided  to  use  an  equal  area  method  of 
distribution  since  the  actual  location  of  the  load  points  on  the  model 
could  then  be  easily  determined  and  marked.  Also  it  would  yield  a  regular 
pattern  of  discrete  load  points  for  the  loading  apparatus.  It  was  decided 
that  if  fairly  large  pads  were  used  to  distribute  the  load  at  each  point, 
a  good  approximation  to  a  uniform  load  would  be  obtained  with  48  loads. 

It  was  felt  that  the  tendency  of  the  discrete  loads  to  punch  through  the 
shell  and  the  bending  in  the  shell  between  load  points  would  not  be 
significant  in  this  size  model. 

6.3  LOADING  SYSTEM 

Sixteen  hydraulic  jacks,  manufactured  by  Hannifin  Company 
(model  CBB-HL21C)  were  used  to  load  the  models.  These  jacks  had  a  2  inch 
bore,  4  inch  stroke  and  2000  psl  normal  working  pressure.  The  load  from 
each  jack  was  applied  to  the  model  through  a  hi-strength  (  7075-T6) 
aluminum  extension.  Each  jack  extension  transmitted  the  jack  force  to 
a  triangular  steel  plate  which  spread  the  load  into  three  equal  loads. 
Figure  6.2  is  a  drawing  of  the  load-spreading  device  and  Figure  6.3  is  . 
a  photograph  of  the  assembled  loading  system  using  all  small  pads. 

6.4  LOADING  FRAME 

A  test  frame  constructed  of  rolled  structural  steel  sections 
with  bolted  connections  was  designed  and  fabricated  to  contain  the 
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model  and  the  loading  system.  A  drawing  of  the  test  frame  is  shown  in 
Figure  6.4.  In  order  to  determine  the  exact  line  of  action  of  each 
hydraulic  Jack  and  the  location  of  its  intersection  with  the  top  of  the 
frame,  the  area  loaded  by  each  Jack  was  divided  into  three  equal  sub- 
areas.  First,  the  center  of  gravity  of  each  sub-area  was  calculated  and 
then  the  location  of  the  center  of  gravity  of  the  triangle  formed  by  these 
three  points  was  determined.  This  gave  the  radial  line  of  action  of  the 
respective  Jacks.  The  Jacks  were  attached  to  4  inch  tee  sections  welded 
to  the  test  frame.  The  locations  of  the  connection  points  were  found  by 
placing  a  theodolite  at  the  spherical  center  of  a  model  dome  when  positioned 
in  the  test  frame,  and  sighting  the  radial  angles  corresponding  to  the 
calculated  Jack  axis.  Figures  6.4  and  6.5  show  the  assembly. 

6.5  INSTRUMENTATION 

The  applied  loads  were  measured  by  8  load  cells  built  into  the 
jack  extensions.  These  load  cells  were  distributed  on  the  model  as  shown 
in  Figure  6.1.  An  interior  portion  of  each  extension  used  as  a  load  cell 
was  reamed  out  for  a  length  of  4  inches  leaving  a  wall  thickness  of  3/32 
inch.  Eight  C-7  strain  gauges  were  mounted  on  the  outside  of  this  hollow 
rod  as  shown  in  Figure  6.2  (4  were  active  gauges  and  4  were  dummy  gauges). 
These  gauges  were  connected  into  a  Wheatstone  bridge  circuit  and  the 
signal  recorded  on  an  18  channel  Consolidated  Electrodynamics  Corporation 
oscillograph  unit. 

Each  load  cell  was  calibrated  on  a  10,000  pound  capacity,  Rielle 
Brothers,  beam  testing  machine,  in  increments  of  500  pounds  up  to  a 
maximum  load  of  7000  pounds. 

6.6  TEST  PROCEDURE 

Each  load  point  was  located  on  the  dome  model  surface.  The  model 
with  its  plywood  base  was  then  positioned  in  the  test  frame  and  bolted 
through  the  base  to  the  lower  beams.  The  loading  pads  and  triangular 
spreaders  were  placed  on  the  model  and  the  jack  extensions  were  manually 
pulled  out  to  rest  on  the  spreaders. 

As  standard  procedure,  a  "zero"  load  point  on  the  CEC  record  was 
noted  at  this  time  and  then  the  pressure  in  the  loading  system  was  raised 
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to  approximately  100  psl  to  see  that  the  Instrumentation  was  functioning 
properly  and  also  to  check  all  the  loading  pads  for  alignment  on  the 
dome  surface. 

The  jack  loads  were  then  increased  slowly  by  means  of  a  manual 
pressure  valve  up  to  collapse  of  the  model.  The  duration  of  each  test 
from  "zero"  load  up  to  collapse  was  approximately  three  minutes. 
Photographs  were  then  taken  of  the  collapsed  model  with  the  loading 
system  and  after  the  model  was  carefully  removed  from  the  test  frame 
another  photograph  was  taken. 

6.7  RESULTS  OF  STATIC  DOME  TESTS 

Eight  model  domes,  which  survived  the  July,  1962,  Small  Boy 
Nevada  test,  were  tested  statically  as  described  above.  The  equivalent 
uniform  radial  pressure  loads  at  failure  for  these  models  were  as  follows. 

TABU:  6.1 

STATIC  FAILURE  PRESSURES  OF  THE  MODEL  DOMES 


Model 

Chronological 

Order 

Equivalent 
Uniform  failure 
Pressure 

Microconcrete 
Strength  at 

Test 

ND1 

5 

63.3 

4,700  psi 

3 

6 

43.3 

4, 130 

5 

7 

61.6 

5,650 

7 

8 

56.9 

4,440 

10 

3 

41.4 

no  cubes  available 

11 

4 

31.4 

11 

12 

1 

29.9 

M 

13 

2 

47.6 

1 1 
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The  C.E.C.  recorder  showed  a  reasonably  good  agreement  between 
all  the  load  cells.  The  maximum  variation  in  load  from  the  average 
jack  load  on  a  particular  test  was  generally  about  7.0%. 

Three  model  domes  which  survived  the  1961  Canada  Tests  were  used 
for  practice  tests  in  the  laboratory.  With  these  and  the  first  few 
of  the  Nevada  domes  that  were  tested,  it  was  decided  that  the  failure 
loads  were  somewhat  low  due  mainly  to  punching-type  failures  occurring 
near  the  base  of  the  model  in  the  region  of  boundary  moments.  To 
eliminate  this  situation,  oversize  steel  plates  were  added  under  the 
lower  load  pads  to  distribute  the  load  in  that  region  over  a  greater 
area  and  thereby  decrease  the  load  concentration.  See  Figure  6.6  for 
photograph  showing  increased  load  pad  size.  The  first  four  models 
tested  without  these  larger  pads  had  an  average  failure  pressure  of 
37.6  psi.  The  last  four  models,  using  the  large  pads  failed  at  an 
average  pressure  of  56.3  psi. 

The  failure  mechanism  on  most  of  the  domes  tested  was  generally 
as  expected  for  a  compression-mode  type  failure  -  that  is,  initial 
yielding  near  the  base  (partially  fixed  support  for  these  models). 

Figure  6.6  shows  a  collapsed  model  with  loading  system  after  test  and 
model  alone  removed  from  the  test  frame. 

6.8  CONCLUSIONS 

With  the  additional  steel  pads  at  the  lower  load  points,  a  33% 
increase  in  the  failure  load  was  obtained.  During  various  tests  of 
the  models  it  was  observed  that  the  failure  mechanism  was  always  started 
by  one  of  the  lower  load  pads  punching  through  the  shell.  It  was 
therefore  felt  that  the  load  pads  were  of  too  small  a  diameter  and  were 
causing  stress  concentrations  in  this  critical  area. 

Table  6.2  shows  the  ultimate  membrane  strength  of  tne  various 
models  and  the  ultimate  strength  with  bending  considered  for  a  fixed 
support.  In  both  cases,  membrane  and  bending,  the  ultimate  values  were 
obtained  from  basic  shell  theory  using  the  ultimate  capacity  of  the 
reinforced  concrete  section. 

For  the  cases  with  the  larger  load  pads,  Table  6.2  shows  that 
generally  75-80%  of  the  theoretical  bending  strength  was  developed. 
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The  effects  of  localized  bending  on  the  shell  surface  caused  by  the 
discrete  point  loads  may  account  for  some  of  the  reduction  in  load. 

Also  in  applying  the  elastic  shell  equations  the  effective  eccentricity 
was  assumed  to  remain  constant  up  to  ultimate.  By  doing  this,  one 
could  use  the  moment-thrust  interaction  curves  to  determine  the  ultimate 
moment-thrust  condition  for  the  model  cross-section.  The  ultimate 
uniform  radial  pressure  was  back  figured  from  this.  Assuming  cons  tant 
eccentricity  through  the  inelastic  range  up  to  ultimate  is  highly 
questionable  and  thus  the  tests  cannot  be  expected  to  show  exceedingly 
good  agreement  with  the  calculated  membrane-bending  case. 

TABLE  6.2 

EVALUATION  OP  TEST  RESULTS 


Model 

(psl) 

Ultimate  Uniform  Radial  Pressure 

_ _ _ 

Static 

Lab. 

Tests(psi) 

Pure  membrane 

Membrane  plus 

Bend ing 

at 

i 

ND  1 

132.0 

80.0 

63.3 

3 

135.0 

80.9 

43.3 

S? 

5 

128.0 

78.2 

61.6 

3 

7 

117.0 

69.6 

56.9 

at 

•2 

10 

118.0 

70.6 

41.4 

a 

11 

111.0 

68.1 

31.4 

i~4 

1 

12 

107.1 

64.9 

29.9 

■ 

CO 

13 

124.5 

75.0 

47.6 
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Figure  6.3  Loading  System 
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Figure  6.5  Test  Frame  with  Model  and  Loading  System 


57 


Figure  6.6  Collspeed  Model,  ND1 
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CHAPTER  7 


CONCLUSIONS 

Based  upon  this  project  it  is  concluded  that  the  modeling  of 
structures  and  their  dynamic  testing  under  air  blast  loading  can  be 
quite  successful  if  the  proper  procedures  are  followed. 

These  procedures  include  selection  of  the  model  material  in 
compliance  with  the  similitude  restrictions.  This  requires  similarity 
of  the  model  material  stress-strain  curve  and  that  of  the  prototype 
material.  In  order  to  ensure  this  agreement  it  was  found  best  to  use 
the  same  type  materials  for  the  models  as  was  used  in  the  prototypes. 

It  was  found  that  a  wire  reinforced  microconcrete  works  very  well  as 
a  model  of  reinforced  concrete. 

The  wire  used  should  be  an  annealed  mild  steel,  not  a  high 
strength  carbon  wire.  Selection  should  be  based  upon  its  stress-strain 
curve  and  in  particular  on  its  yield  stress  and  ultimate  stress.  A 
microconcrete  can  be  produced  which  is  excellent  for  modeling  the 
behavior  of  concrete.  The  parameters  of  ingredient  proportions  and  sand 
gradation  can  be  varied  to  obtain  the  desired  strength  and  modulus  of 
elasticity  and  also  give  the  necessary  fabrication  characteristics  such 
as  flow,  workability,  and  low  shrinkage. 

Blast  waves  generated  by  high  explosive  charges  serve  very  well 
for  simulation  of  nuclear  weapon  blast  loading.  Although  the  HE  charge 
should  be  scaled  by  the  cube  root  law  from  the  mechanical  yield  of  the 
prototype  weapon  it  may  not  always  be  necessary  or  possible  to  do  so. 

If  the  difference  between  the  similitude  load-time  curve  and  the  model 
test  load  time  curve  is  small  for  the  duration  of  the  natural  period  of 
the  model  structure,  as  was  the  case  in  this  field  test,  the  change  in 
failure  overpressure  will  be  small. 

Care  in  fabrication  can  result  in  models  whose  testing  will  give 
reliable  data  on  structural  response  to  dynamic  loads.  Errors  in 
fabrication  will  produce  models  possessing  either  too  low  or  too  high 
a  strength.  These  experimental  errors  coupled  with  others  can  result 
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in  a  scatter  of  the  test  data  which  make  interpretation  very  difficult. 

Summing  up,  it  can  be  said  that  a  carefully  planned  and 
executed  model  study  of  the  response  of  a  structure  to  air  blast  loads 
can  give  quite  reliable  results. 
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